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CLONILNG AND EXPRESSION OF 6-ENDOTOXIN GENE OF BACILLUS THURINGIENSIS IN E.COLI

Tian Yingchuan, Cai Faxing: Institute of Microbiology, Academia Sinica,
Beijing

Wang Ying, Zhang Binxian, Sha Cayun: Institute of Zoology, Academia Sinica,
Beijing

Chen Shouyi, Mang Keqiang: Academia Sinica, Beijing

Receiied 16 December 1987.

ABSTRCT [transcribed verbatim from English original]

Fragments larger than 4 kb from Sau3At partial digested plasmid
DNA of Baci. 'us tburing'iensis subsp. keyase 1404 as well as subsp.
kurstaki HD-, were cloned respectively iLto the Ba&H I site of
pBRazz, Based on the results of in situ colony hybridization,
radioiaaune screening and Westea-blot analysis, four transformants
containing the corresponding4-endotoxin gene and producing proteins
reacted with crystal prote''n antibody were selected. Upon
biological toxicity tests, out of three transformants tested, the
lysate of one transformant TK89 carryingq&indotoxin__oene of B.?.
'1407 and two transformants TH12 and TH48 carrying Cedotoxin gene
of HD-, were toxic to caterpillars of tobacco budworm (Heliothis
assulta). This is the first time to have cloned thetiidotoxin
gene mf B.?. subsp kenyae different in serotype with the well
studieu subsp. rtL y words: Bacillus thuringiensis; DNA
clcning, (4endotoxin, fYv4'a. j'- < -

Translator's notev:
For bibliographic references, see page 14.
For explanation of plate (not included], see page 14.

Notes in original:
The crystal protein and the antisera were prc.vided by tai Cheutq, reng
Xichang, and W4n Jig of the Academia Sinica Institute of Zoology. Zang
Shufang and Xie Zhangjiang participated in the toxicity assay. Yang
iaozhou of the Academia Sinica Instituta of Microbiology and Li Zhanggong
of the Chinese University )f Science and Technology participated in a
portion of the work. fe wish to thank them all at this time.

This study is a topic subsidized by the National Science Committee.
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ABSTRACT [translated from Chinese original]

Plasmids of Bacillus thuringiensis subsp. keanyae 404 and
Bacillus thuriagiensis subsp. kurstaki HD-i were isolated. Through
in situ gel hybridization, we have shown that the S-endotoxin gene
of B.t. subsp. kenyae 7404 is located on a plasmid about 47 Md in
size. Using the sucrose concentration gradient centrifugal method,
we isolated DNA fragments larger than 4 kb from Sau3Ai partially
digested plasmid DNA of the two B.t subspecies. We cloned these
fragments on the Ba2 HI site of pBRa32, and transformed E.cali
HBMoi. Through methods like in situ colony hybridization, in situ
colony radioimmune testing, and Western blot analysis, genes
carrying S-endotoxin were selected, as well as transformants that
could express this toxic protein in £.coli. Initial biological
tests show that among four tested transformants, the transformant
TKM,, carrying the kenyae subsp. 6-endotoxin gene, and transformaLts
TH12 and TH46, carrying the kurstaki subsp. 6-endotoxin gene, had a
toxic effect on the tobacco budwora (Heliotbis assulta).

Bacillus tburingiensis is a positive Gelanshi (transliteration] bacterium

that is able to form spores. While foiming spores, it also produces a kind of

semi-spore cyrstal protein, ý-endotoxin. A large portion of the semi-spore

crystal protein of B.tburingiensis has a toxic effect. In order to underatand

better and make use of this crystal protein, in recent years, as the

technology for genetic engineering developed, several laboratories have

undertaken cloning of the 8-endotoxin of different subspecies of

3.2hurinqiensis and have obtained expression oZ B.tburingiensjs in E.coli

bacteria [1-3].

"The toxic proteins produced by different subspecies of S.thu:ingiensis

show differences in their toxicity and range of insecticidal capability [4,5].

In comparison with the B.thuringizn.is subspecies kurstaki HD-i (hereafter

called sirply OD-0), which is internationally in the most widespread use and

has beon investigated the most clearly, the kenyse 7404 subspecies (hereafter

called the 7404) that has been isolated in China belongs to a different blood

serum group, 94a4c. Its range of insecticide capabilities and toxicity, in

comparison with iD-i, are at times even higher (4]. This paper reports on the

plasmid DNA isolated from HD-t and 7404, and compares the distribution and



position ;f 5-endotoxin genes in two kinds of plasmas of different origins.

The DNA fragment carrying the 1--ndotoxin gene was isolated and cloned.

I. MATERIAL AL4D MET*CD

A. Material

1. Bacteria strains: The 3.tburingiensis subsp. kurstati HD-, and

lenyae 7404 were provided by the Institute of Zoology of the Academia Sinica;

7b 7404 was collected and isolated by the Institute of Zoology.

2. Biochemical reagents: For the restricting endonuclease and the other

modified nuclease, we chiefly used BRL products or products purchased from the

3uazei Company. The staphylococcus protein A is a Sigma product. The NaW25 I

and y-32p-ATP are Aaersham products. The CsCI was purchased from the Huamei

Ccnpany or is a recovered and purified product of our own laboratory.

"Z. The B.t",uringzensis crystal protein and its antisera were supplied by

the Institute for Zoology.

3. Methods

1. Extraction of plasaid DNA aud in situ gel hybridization:

(a) Extraction of B.3thuringiensis plasmid DNA: This was implemented with

reference to the method of Xronstad et al. (61 for extracting large plasmids.

The extraction of recombinant plasmids was undertaken by the alkali method

[7].

(b) Preparation of 5-qndotoxin gene probes: Using an Applied Biosyntems

:NA synthesizer we synthesized isolated nucleotides of 25 nucleotides 3ituated

on the B.thurinq!easis subup. *urstaki HD-,-Di~el crystal protein gene EcoRI

F frugment. After 16% polyprcpylene tcyl amine-urea gel eloctrophoretic

pirification, we used T4 multiple nucleotide stimulating enzymes and y-•Jp-



77-:4

ATP to undertake marking according to the method presented by Maniatis and

others [7]. These marked isolated nucleotides are the probes used for DNA

molecule hybridizat4.on.

(c) In situ gel hybridization. After eloctrophoresis of the

D.t2ýuringiensis plasaid DNA on 0.8% agarose gel, we undertook in situ gel

hybridization according to the Kidd metho-i (8]. The probes used for the

hybridization were the above-mentioned 22P marked isolated nucleotide

fragments.

2. I'olating and cloning of the enzyme section: About 20 jig of

3. tburingiensis plasuid DNA and 0.15 units of SauaAi, according to the
manufacturer's racoumendations, were subject to partial digestion at a

temperature of 370 C for 15 minutes. After the digestion, the specimen was

centrifuged for 20 hours at 150C and 68,000 x g at 5-40% sucrose concentration

gradients; then DNA fragments collected at positions of different

concentration vere distributed. Each distribution of 10 ;l was subjected to

1% agarose gel electro;horesis; the size of t~e DNA fragments was checked, and

for the distributions that were gathered and merged that contained DNA

fragments larger than 4 kb, the DNA was recovered by ethanol pracipitation and

dissolved in a TZ buffer solution. After electrophoresis testing, it was

estimated that the recovered DNA concentration was 0.2 lg/4l.

The pBRits carrier Bai HI was digeeted and dephosphorized according to

the method described in 'Molecular Cloning* [7). Z.coli HE,*, se•nsitive state

cells were prepared according to the method of Alexander et al. [9]. About

O.'ug of DNA fragments recovered by sucrose concentration gradient

centrifuging and 0.2 ;g of pBlis, with Baa HI digested and dephosphorized,

under the effect of T4 tNk linking enzyme, were left overnight for linking

reaction at 40C. Regarding the Z.coli HBSt, that were transformed according

to the method of Alexander at al. (9], those which were trarsforued were

qelected on an auonia blnzyl penicillin plate; on a tetracycline plate,

transformants that may have had DNA inserted from an extraneous source were

selected.

4



3. Hybridization of B. t.urinqiensis: We took the clones that we

obtained in our transforuation experiments that were sensitive to tetracycline

and placed them on a ammonia benzyl penicillin LB plate. Using a

niitrocellulose filter membrane, we covered the plate and incubated it

overni;ht at 37*C. Then we processed the filter membrane according to the

method of Southern (10]. Before initial hybridization, we placed the filter

membrane in 3 x SSC at 650C o7ernight. We un"ertook initial hybridization at

420 C for 5 hours (initial hybridization fluid: 6 x SSC, 0.05% scorched sodiun

;posphate, 1 x Denhardts solution, 0.5% SDS, 100 Ug/ml denatured fish semen

-1A) . Hybridization was carried out for 20 hours at 42*C (the hybridization

liquid was similar to the initial hybridization liquid, except that it did not

contain SDS, and probe material was added to a concentraticn lxlO6 cpm/ml.

After hybridization, there were two washings at 420C in 6 x SSC and 0.05%

scorched sodium phoz;hate and two washings at 420C in 2 x SSC and 0.1% SDS;

after drying at room temperature, we implemented autoradiography.

4. In situ colon7 radioiamune assay and Western blot analysis.

(a) Preparation cf B.tburingiensis crystal protein antisera adsorbed

using S.coli and its bacteriolytic fluid: 450 dl of pBRit/HBMoi cells

incubated overnight and 0.3 ml of 7404 crystal protein antiserum mixed

trýjether were suspended in 100 ml of PBS (137 mmol/L MaCl, 2. 1 umol/L KCl, 4.6

ZAol/L NaHPO4, and 1.5 asol/L K3Hi04) and left overaijht at 40C. After 8,000

r.m cntrifuging, the su;ernatant was extracted. Ta another 450 ml batch of

;BR2u/HBse, cells that was incubated overnight was added 50 ml of splittinj

fluid (0.05 mol/L Tri-SC1 ;R 7.5, 12.5 al bacteriolytic enzyme); this was

aixed evenly aud left for 30 minutes at room temperature, put on ice for I
$inur, ani then frozen and melted three times and contrifuged 20 minutes at

3,000 rpm; the supernatant was extracted. To 3 ml of each of these two kinds

of supernatant was added 13 *l of ?P8; after even mixing it was left at 4*C

overnight. After 20,OCO G centrifuging at 40C for I hour, th4 supernatant was

recovered, and kept ready for use at 4°C. The plasma dilute after adsorption

;rocessing was nearly 1,000 fold.
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(b) In situ colony radioiazune assay: As for the in situ colony

hytridization, tha colony is reimprinted on a nitrocellulose membrane and

:ncubated overnight at 370C. Then it is subjected to slight improvement with

reference to the method of Erlich et al. (I1]. After that, bacteriolytic and

imnmune reactions are undertaken. For the immune reaction, we placed the

filter membrane with the colony in PBS containing 1% BSA and 3.thuringiensis

crystal protein ant:sera ailuted to l:2,CCO (after pBR3x2/E.coli HBiot

adsor;tion) and vibrated it for 2 hours at room temperature, causing the

colony to adsorb the antisera. After washing the filter membrane with PBS

four times, we placed the filter membrane in P5S that contained 1% BSA and

;c'am/al of protein-A that had been 113I marked using the ammonia-amine T

method (11], and vibrated it at room temperature for 2 hours. FiLally, We

washed it five times with PBS; we could then undertake autoradiography.

(c) Western blot analysis: Ve prepared the clone bacteria general

protein sample in accordanct with the mettod of Thorne et al. [12]. ohe S$S-

;olipropyieae acyl amine gel 4lactrophoresis of the protein was carried out

according to the xethod of 'aemumli [13], except that we used a 10%

polypropylene acyl aamie-SDS linking gel. After electrophoresis, with

reference to the method of Towbin et al (14], we transferred the protein

eiictropboresis strip to the Z-probe membrane. TVe transfer buffer solution

was 25 aaol/L Tris and 192 amol/L glycimz, with a pR of 8.3. After transfer.

we placed the Z-probe membrane in PBS containing 10% BSA and left it overnight

at 486C. The combining reaction with antisera and 1 5 1-carked protein A was

c.arried out according to the method described in the section on "In situ

colony radiolmaune assay.*

5. Biological assay of cloned bacteria toxicity. As for the section on

"ia situ colony radiolmmune assay," we used the freezing and thawing method to

propare the cloned bacteria and the pBl,,,,'i.coll bacteriolysate. Weighing

out 30 mg of bacteriolTzateo we idded at appropriate amount of distilled water

to dissolve it, and added it to man-made feed (0.5 x 0.5 x 0.1 cmJ). This we

td individually to 10 sQcon4-%ttje caterpillars of the tobacco budworm
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(Zelliot.ýjs assulta); or smeared ic cn the surface of 500 ag of corn leaves and

fed it to 20 third-stage speciiens of Leuca separta. We zet up a control with

an equivalent amount of ;BR322/HBiat bac:triolysate. After 72 hours of

czservation we reccrded t'"e growth a~d mor:ility conditions of t2,e

ex;eriiental i sects. we repeated each set of experizents two tines.

." REZ7LTS AND DISCJSSON

A. Isolation of B.thurngiens$s Mlasaid and In Situ Gel Hybridization

3.11buringiensis has over 20 subspecies. Tbe number of plasmids contained

by different subspecies shows dissimilarities, but in general it is between 2

and 12. Their 6-endotoxin gene code is on one or several large plasmids (15].

Ve extracted the plassid DNA from B. tburiagieasis HD, and 7404 according to

tte method described by Kronstad (6) for extracting large plasaids. Plate I-A

[•rinslator's note: ?late was not included in the material p•ovided, but

c:aments on the plate c=an be found on page 14) shows the olectrophoresis for

these two kinds of plasmi•s. As shown in the figure, the electrophoresis of

2lasaid ZMA extracted from HD-, has at least ten relatively clear plasmid

strips (shown by "2" in plate I-A; its size and number are caparable with the

results obtained by Kronstad et al. (6]. 03" in plate I-A shows the

electrophoresis of '404: it has at least seven plasmid strips. The plasmid of

7404 and HD-, are basically sisi'ar; the difference is only that at locations

4.) Md and 30 Md HD-, has two %!rips vhA'• 7404 only has one strip; at about

140 Hd, RD-, has one plasaid strip and 7404 has two plagmid strips. The

results of 1a situ gel hybridization autoradioqrapby are provided in plate I-

D, sh.)vlnq that the larg* plasmids 47 Hd and 150 Md hawe an obvious

hybridization with the ''p-sarked synthetic probes (*2" in plate I-D). This

approaches the results ot Kronstad at al. (11, sic]: The results of Kronstad

.Inclide the appearance at location 47 nd of two hybrid stc.ps (approximately

44 Md &and 47 Nd), while te results of thLs paper only show one strip. This

may be because the molecular weight of these two plasaids are similar and

cannot be separated. la 7404 plasmiA DNA there is one hybridized strip (47

,d, "3" on plate 1-0): this shows that the 5-endotoin gene of 7404 is very

7



;cssibly carried by the 47 Md ,lasmid. The DMA ;robe and ;BR322 show no

lybr.dization ("1" -- Plate I-D), azd in the electro;horesis cnly the lightly-

lyei strip H:-,. 153 Md laf;e ;Iasmid a;pears to feature visible hybridization

'Z ia ?late !-D). Th.s !act ;hcws ttat the synthetic ;ene ;rohe has an

idicsmcratic nature. Plates I-A and --D are the same gel; the difference iL

the size of the photographs is a result of difterent enlargement factors.

3. Isolation 4nd Clonlng of Enzyme Sections.

'he 5-endctox, a of 3.t nr: nsie sls 's generally about 4 k [316, 17]. In

order to obtain a ccaplete toxic protein gene, we used Sxu3AL on 7404 and HD.t

;Iasaid LOA to undertake parý:Il di;estivn. Tb-n we undertook isolation on

the partially dijested fragients usinz the '-40% sucrose gradiont centrifugal

uethod. Plate I-C shovs the It agarose electrophoresis of scattered collected

saaples atter centrifuling; the distribution from large to small of the enzyme

3ections is rather even, and it can be seen that the ;artial diastion

reaction's -nditlocs are suitable. portions containing ftaxeats larger than

4 kb were pooled and the :(A was recovered by ethanol precipitation (lane 15

13 plate I-C).

The MNA samples larger thaa 4 kh recovereod b7 sucrose gradient were mixed

at 3:1 with 5' end dephos;horized "Bl,,, "a SI digested fraqueuts; linking

was undertaken with T4 :NA linking eozytes, and the* f.coli 3,oes sensitive

itste cells were transfor-ed. rrom about 5,000 Azm SD-i S-endotorin gene

.,Lnes. 1.750 clones sensiti*e to tetracycline were obteined; from about .,000

•a•, 7404 5-endocoxin qere :lones. 1,750 clones also swnsitiye to tetracycline

wore selected. Bf ntans of rapid plasaid sampling extraction and

electrophoretic teo.inq. it was d.i,:oweved that the 2eaority of clones

sensitive to tetracycline carrled plasids int3 which bad been inserted

ixtraneous DNA larger than A kb.

, j



!a 3itu Colony 2ybridi:aticn.

se undertoox in situ colony hytri•iLation with ";p-marked 5-endotoxin

;eze ;rsbes on clones sensitive to tetracycline. ?late I-E shtws the results

in situ hybridization autoradiogra,;y for 7404 S-endotoxin gene clones.

Althoulh the non-s~cific hybridization produced a relatively deep background

:th's may be because the initial washinm of nitrocellulose membranes bearing

colonies was insufficient, or because after hybridization they iere not washed

th:oroughly), nevertheless the positive hybridization and the non-sp2cific

t.ridization colonies featured obvious differences. the clones of HD-,

..isaid ZNA fragments alc had similar obvious in situ colony hytridi7ation

r'sults (unpublished material). After the above hybridization, 133 positive

'.,,ridizatioa clones were selected froa 1,750 7404 clones senzitive to

t:icycline; and 50 positie hybridization clones were selected from 1,750

::-:lones sensitive to tetracycline.

. n ýitu Colcny ladioiamune Assay and Western Blot Inalysis

:n preparing tae sxoer:ment, we discovered that the B.:.,uringqienzis 7404

'-rystal ;rorein's antisera were also able to generate immune reactions with

:. :ol; D,*a or M*,.% bacteriolysates with pB3332. This greatly affected the

i;ocific nature of the immune reaction. Thi3 kind of non-specifiz reaction

3ay be a result of the presence of Z.coli antibodies in the rabbits used to

:-ri.uce the antisera. T`e use of ;aas,•/.colI HBt., cells and their cell

;p'tting supernatant in sequence with the 7404 crystal protein antisera mixed

-- euthor to adsorb the t.coli antibodies in the antisera is thus able to

q • enate this noa-specifi,. roaction (rotsr to Plate I-r and G).

?:atre -r shows the rsults of undertaking the in situ colony radloiamune

a.sgy on the sbove-4escribd4 positive hybridization for 7404 crystal protein

a7ý13ers and 1801-merte4 protein A. rr,)& tbe 7404 S-endotoxin gone clones of

I .* in situ coluny positive hybridization *ere selected 74 positive immune

rqxctioc clones: in the Aaae way, 20 positive immune reaction clones were

io.lctod !rom the M.- cl.nee. ila the autoradloqraphy, the differonce in the



depth of the stains of the positive clones perhaps reflected the difference in

the level of the 8-endotoxin gene reached in each clone. It may also be

because of the difference in the number of cells in each colony. For this

reason, it can only be regarded as a qualitative assay. It was also possible

to undertake immune reactions for the 7404 crystal protein antibodies with HD-

i endotoxin gene clone strains; this showed that the toxic proteins of these

two kinds of bacteria feature a similar antigen determinant cluster.

Plate I-B is the electrophoresis oL the positive immune reaction portion

of cloned plasmid DNA. Analysis of the other positive immune cloned plasaid

electrophoresis also produced similar results, showing that all positive

immune clones have extraneous DNA insertions larger than 4 kb. Therefore,

these clones may carry intact 6-endotoxin genes or at least the relevant

portion of coded antigen genes.

In order to compare corresponding amounts and molecular weight of all

immune positive clones expressing S-endotjxin proteins, we used the cell

splitting material of each clone to undertake SDS-polypropylene acyl amine gel

electrophoresis and Western blot analysis. After electrophoresis, we used

kaomasi [transliteration] bright blue dye; it was possible to see in the

electrophoresis that several clones had a weak toxic protein dye strip. This

is explained by the fact that 5-endotc.in genes are expressed rather weakly in

E.coli. We transferred the protein strip in the gel by electrophoresis to a

.-probe membrane, and undertook radioimmune assays. The results showed that

there were four clones that produced very deep autoradiographs in the in situ

radioimmuna assay that likewise were able to form specific immune reaction

strips in tne Western blot. Their molecular weight was the same as for 7404

toxic protein (130 k). These four clones were HD-i toxic protein gene clones

THiz and TH4s and 7404 toxic protein gene clones TMe, and TKXo2. Plate I-G is

the Western blot autoradiography including these four clones. It can be seen

that the toxic protein of one 7404 clone, TKits, expression amount is too

small to be detected on the autoradiograph; the TM.e and TKao7 expression

mmounts were small, and the TU.t, TKiog, THis and TH49 all had obvious toxic

protein strips. The TH40 toxic protein also had a certain splitting,

I0



producing about 65 kd of polypeptide. The 8-endotoxin proteins expressed by

these clones were all in the range of about 130 kd, the same as for the toxic

protein molecular weight of 7404 and ED-i. Because the samples used for

electrophoresis were the supernatant of the cloved bacterial cells' splitting

product, although the volume used was the same in all cases (6 pl),

nevertheless we did not measure the density of the protein, so only a relative

comparison is possible.

E. Biological Assay of Cloned Bacteria Toxicity.

The results of assays of toxicity Table 1. Toxicity assay of clones.

on Heliotbis a5sulta and Leuca separta

(Table 1, Fig. 1) show that the THis and

TH40 cloned bacteria toxic protein genes.M }TU40iL TXMPBMHBG
are expressed rather well, and bad a

strong toxic effect on the experimental ,,. I - . •

insects; the expression of TK@, was not --. ' .A

so strong as THis and I41, but still 44a -!:

killed a small percentage of the

insects, and clearly produced the Note: iii! means strongly toxic to
insects tested; - means non-toxic to

phenomenon of growth inhibition. The insects tested. Key: (1) Control.

body weight of the surviving TKat

L.separts specimens was. 1/3 the weight of the pBRauI/IBtol control group. The

TKa, group also had a clear growth-inhibiting effect on l.assulta (data not

yet measured). Although the number of specimens was quite large, the food

intake of the experimental group of larva was very small before the occurrence

of the toxic reaction, after which food intake ceased. Initial estimates are

that the toxicity of the toxic protein produced by cloned bacteria is

comparable to the toxicity of the original B.tburiagienaia crystal protein.

The results described above are explained by the fact that the HD-t and

7404 toxic protein gene has been cloned and is able to express protein with

biological activity.

II



Fig. 1. Toxicity assay of clone TK49 carrying 6-endotoxin gene caf
B. thuringiensis 7404. 1. Larvae of 1. azsul ta fed with diet containing lysate
preparation of pBR322/1.coli M~et; B. Larvae of ff.assuZ Ca fled with diet
containing lysate of preparation of clone Mo.. (Pictures were taken after 48
hours toeeding on the diet).
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EXPLANATION OF PLATE

A. Gel electrophoresis of CsCl ;radiant purified Bacillus thuring•insis
plasmid DNA on 0.8% agarose gel.

Lane 1. pBR322.
Lane 2. Plasmids from B.?. subsp. kurstaki HD-t.
Lane 3. Plasmids from 8.r. subsp. kenya. 7404.
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The numbers on the left indicate the sizes in Mdal of B.T. HD-L plasmius.
The white dots on the right of lane 2 and 3 indicate the plasmids
hybridized with probe in D.

B. Gel electrophoresis of some recombinant plasmids from colonies with
positive reaction in radioimmune screening. 'rT" designates the cl.ones
of 5-endotoxin gene of B.2. subsp. kenyae 7404. "TH" designates the
clones of 5-endotoxin gene of B.T. subsp. kurstaki HD-,.

Lanes 1-5: Clones TKa4, TXM42, TKX7, TK,6, T.•7.
Lanes 6-12: Clones THso, TMI, TH44, THE7, TH33, TEH2 and THzs.
Lanes 13 and 14: pPSST34ZS, a plasmid of 10.5 Kb in size and pBR322

respectively used as MW markers.
Lanes 15-18: Clones THs, T3is, THM2, T%2.
Lanes 19-23: Clones THi, TMe, TK**o, THE, TM .

C. Gel electrophoresis of DNA fiaguents of Sau3A, partial digested B.T.
subsp. kenyae 7404 plasmid DNA in different fractions of sucrose
gradient.

Lane 1: X-Hind III marker.
Lane 2: Plasuid DNA from B.T. subsp. 7404.
Lane 3: The same plassid as in lane 2, but partially digested with

SauaAI.
Lanes 4-14: DNA fragments in different fractions of sucrose gradient.
Lane 15: DNA fragments from pooled fractions containing fragments

larger than 4 kb.

D. In situ hybridization of agarose gel from A as described in Materials and
methods. Samples in lane 1, 2 and 3 were the same as that in A. The
numbers on the right indicate ths size of plasmids hybridized with "3p-
labelled 5-endotoxin gene probe.

E. In situ colony hybridization: Colonies on nitrocellulose membrane were
hybridized with 3sp-labelled probe and autoradiographed.

F. In situ colony radioimuuno-assay: Colonies hybridized with 32p-probe in
E were incubated with antisera against 6-endotoxin of 3.1. 7404 and 124I-
protein A and autoradiographed.

G. Western blot analysis of proteins produced in 6-endotoxin gene clones.
1-9: Lysate of clone TH1i, TH48, TX.., Tea:,. TX&Ko, TKLOT, TK.e,

pBR332/HB31 , and 5-endotoxin of B.?. 7404.
The numbers on the right indicate the sizes of protein molecular weight

of 6-endotcxin.



CLCNING AND EXPRESSICN OF THE HEAT-LABILE 2NTEROTOXIN GENE OF AN
ENTZROTOXIGENIC £SC3ERCHIA COLI HUMAN STRAIN

Chen Xingbo, Chen Tianai, Institute of biotechnology, Academy of Military
Medical Sciences, Beijing

Ma Xiankai, Institute of Basic Medical Sciences, Academy of Hilitary Medical
Sciences, Beijing

Huang Cuifeng, Institute of Biotechnology

Received 10 September 1987.

ABSTRACT

DNA of the heat-labile enterotoxin (LW) plasmid pJYii
originating from H10407, an enterotoxigenic £scherchia coli human
strain, wa3 digested to completion with PstI. The location of the
LT region on this plasmid was determined by means of Southern
hybridization after electrophoretically separating the resultin?
fragmunts. The 5.3 kb LT-encoding fragment determined in the above
hybridization experiment was then recovered and subsequently ligated
to ;UC. )NA predigested with PstI. After transformation and
selection, a clone that efficiently expressed LT was obtained.
Biological and immunological assays showed that LT produced by this
clone was biologically and insunologically identical to that by the
;arental strain, and LT production level of thic recombinant strain
was 16 times higher. Key words: ETEC; 4eat-lobile enterotoxin;
cloning and expression.

Enterotoxigenac £Sccberbcia coll (ETIC) is an important pathogenic

bacterium causing infantile diarrhea and traveller's diarrhea. Its toxic

factors are chiefly its adhesive element and its enterotoxic element. After

ETEC has invaded the humaa body, it first established residence in the upper

tracts cf the small inttstine, and then secretes enterotoxins, inducing

diarrhea.

Translator's notes:
For bibliographic references, see page 22.
For explanations of the plate (not included], see page 23.

Notes in original:
Nan Li and others provided Vreat assistance in the cytological
experiments; ZhanQ Zhaoshan and others provided beneficial guidance in
this work. At this time we wish to thank then all.
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The heat-labile enterotoxin (LT) of ETEC is composed of one A subunit

with an activation eflect on glandular glucoside acid ring-forming enzymes and

five B subunits with a combining effect [1]. It has been verified that the

original immunological nature of ETEC pathogenic strains isolated in different

regions is completely identical. The LT genes of human and swine ETEC also

have a broad similarity in their original nature (2,3].

The Japanese scholar Yamamoto et al. were the first to report, in 1980,

the cloning of the human ETEC LT gene; he. also undertook studies of its

structure (1,4]. But it was in China that the molecular genetics and

epidemiology of ETEC were to be studied in depth. On the basis of the

isolation and purification of the Z.celi H10407 LT code plasmids, we achieved

cloning and expression of its LT gene. The toxic gene clone obtained not only

provides assistance in the survey of ETEC epidemiology, but also has laid a

foundation for immune protection for traveler's diarrhea.

. MXATERIALS AND METEODS

A. Materials

1. Bacteria strains: E.coli JM.s (ara, Alacpro, strA, thi,

4 80dlacZ M15)was the intestinal bacillus Kii receptor bacterium. Z.coli

20S0 (pJYti) was the bacterium strain carrying the Z.coli H10407 LT code

piassid, kindly provided by Dr. T. Yamamoto of the Shuntiantang

(transliteration] University in Japan. £.coli H10407 is the internationally

recognized standard strain of human MEC. X.coli JM03 (pUCe) is the carrier

plasmid pUCe carrier strain.

2. Bacteria culture medium: Cosmso LB culture medium; toxin production

culture base, prepared according to the lterature (5]; and MacConkey lactose

culture medium, a product of the Acadimy of Military Medical Sciences

Laboratory Number 5.



3. Restricting endonuclease etc.: EcoRI, Hind III, Pst, XbaI I T4DNA

ligation enzymes were products of the Huamei Biological Engineering Company.

The low melting-point agarose IPTG was a product of the Cigma Company. The LT

intisera were purchased from the Shanghai Sanitation and Epidemic Prevention

S:atio:a. The 3 2 P-2arked swine ETEC LT gene probe was supplied by Assistant

Professor Yu Shouyi of the First Military Medicine University.

B. Methods

1. The preparation of the DNA and the construction and analysis of the

recombinant plasaid: Extraction of the plasmid DNA was undertaken according

to a modified Birnboim alkali transformation method [6]. For the digestion of

restricting endonuclease and DNA external ligation and agarose gel

eiectrophoresis, see the method described in reference (3]. Transformation of

the DNA was carried out according to the method of Mandel and Higa (1970).

Southern nucleic acid imprinting technology was carried out by the method of

E. Southern [7]. For DNA fragment recovery, we used the low melting-point

agarose method.

2. The LT semifinished product preparation and the passive ir-. une

henolysis (PIH) test: Carried out per reference [8].

3. Testing of toxic biological activity: The domestic rabbit intestinal

ligated loop assay and Chinese hamster ovary (CHO) cell assays were carried

out according to references (9] and (10], respectively.

IA. RESULTS AND DISCUSSION

A. Position Fixing of LT( Gene

After completely digesting purified LT encoded large plassid pJYat with

restricting enzyme PstZ, we loadod it on O.7% agarose gel. Using the Tris-

bnric acid buffer system with a voltage of 10 V/ca, we carried out

e'lectrophoresis for 3 hours to isolate the DNA fragments. Using 0.5 aol/L



NaOH, after transforming the 4NA fragments on the agarose gel, we used the E.

Southern method to transfer it to a nitrocellulose membrane. Then we

hybridized it with a swine ETEC LT gene probe [11] (containing a portion of

the A subunit position and all B subunit position code sequences). The

results showed (Plate I-1) tha: the pJY1 1 third PstI strip was able to

hybridize with the probe. Further, the experiment verified that these

fragments were all about 5.3 kb. It showed that the LT gene was positioned on

a 5.3 kb PstI fragment of the pJYii plasaid.

B. Cloning cf the LT Gene

Using PstI, we completely digested pJY,, plasaids carrying LT genes; then

we loaded them on 0.7% low melting point agarose gel and undertook

electrophoresis isolation. After dying witb 0.5 pg/ml of ethidiun bromide, we

excised the third Pstl strip under a long wave ultraviolet lamp. After

melting the gel entirely at 65 0 C, we performed phenol extraction and alcohol

precipitation. We mixed 0.3 pg of the recovered DNA with 0.5 pg of pUCeDMA

which had previously been completely digested with PstI, and performed

ligation at 146C with T4DNA ligation enzyie for 18 hours. The ligated

compound was used for the tranifornation of sensitive-state X.coli JKIa cells.

On a NacConkey lactose culture medium plate (containing 100 pq/ml ammonia

benzyl penicillin: further, 10 j1 of 0.1 sol/L IPTG solution was smeared on

the plate surface), we selected 100 strains of anti-ammonia benzyl penicillin

white colonies featuring extraneous DNA inserts. We randomly extracted 42

strains and undertook passive immunity hemolysis (PIN) testing. The results

were that 23 strains were PIN test positive. Thb SPA coordinated

agglutination results were identical with those of the PIN test. From the 23

PIN positive strains, we extracted 10 and undertook plismid analysis, showing

that the plausids carried by all strains were larger than the carrier PUCe.

The explanation surely is that they have extraneous DNA insertions. The

plasmid of purified ricombinant X.coli JMea (pCHP30), after complete PstI

enzyme dissection, bears out that it is possible to produce 5.3 kb and 2.7 kb

fragments. After transformation of this DNA on agarose gel, we used the

Southern method to transfer it to 4 nitrocellulose filter membrane; only 5.3

II



kb fragments were able to hybridize with the swine ETEC LT gene probe. The

explanation is that pCHP2i is surely a recombinant plasmiAd with the insertion

of a 5.3 kb LT iragment. The other type of fragment produced by digestion is

a carrier pUCa; therefore it is not able to hybridize with the LT probe. In

addition, we undertook EcoRI, Psti, and XbaI enzyme unitary and crisscross

enzyme dissection analysis on pCHP21, using the DNA fragments produced by

: XNA via EcoRI and Sind III digestion

as the molecular weight standard. We

measured the size of each fragment

produced; results are shown on Plate l.

I-1. The construction of pCHPi is

shown in Fig.l. analysis.>4•"

C. LT Gone Expression

The results of restriction analysis • •

and Southern nucleic acid imprinting

show that pCEP2i is surely a recoabinant 7

plasmsid carrying an LT gene fragment.

But what are, in fact, are the

conditions in which pCIPs expresses LT

ia the host bacterium? To answer this,

we undertook semiquantitative

measurement of the LT produced by the Fig. 1. Schematic diagram for the
ri~coabinant Z.coli JM, (p3P,,). The construction of pCHPat. £: EcoRI:

P: Pst;: X: Xbar.

results of the passive immune hesolysis

experiment (Table 1) show that this cloned st4Ain's LT production is 16 times

as great as that of its parent strain. X.coll 310407.

Using the Chinese hamster ovary cell assay and the adult rabbit

intestinal ligated loop assay, we undertook biological activity tests on the

LT prl'sced by the LT clone strain. Activated LT causes the Chinese hamster

ovary cells to undergo morphological changes, showing noticeable changes in

'9



length. In the rabbit intestinal

ligated loop assay, activated LT T& 1 T1 LT :.:e oi za.•-a, F:4 :esc
causes the intestinal section treated ,

with that toxin to produce noticeable

accumulations cf fluid (greater than ;,::oo ,

Ial/cc). The results of the tests E.1:1 1Ss

(plate 1-2 and 1-3) show that the S.coal H13: . :4 IND
E.,-Ou -OSO 1:3 ND

crude toxin preparation of S.coli (? 1t: )
E.C01!f A143 ND SD)JM.j (pCHP2I) and the culture ucaDD

supernatant, like the X.coli H10407, qD: ,c•di.(•l)

are all able to cause cells to

produce positive morphological changes, and at the same time to produce a

fluid accumulation in intestinal segments treated with toxin preparations.

The Z.coli JIMs (PUCe) culture supernatant used as a control was not able to

induce the abovy chan~as. Further experimentation showed that the above toxic

effect can be neutralized by LT antiserum specificity or destroyed by boiling

at 1006C for 10 minutes. The explanation is surely that the norphologictl

changes of the cells is induced by heat-labile enterotoxin.

Ve used external LNA recoabination technology to isolate the LT gene from

£.coll 510407 LT code plasaid pJYu,., and inserted it into the unitary PstI

position of the pUC& carrier. The LT produced by the recombinant product had

comparable immunity and biological activity as that produced by the parent

strain io..; further, its level of expression was l times that of the parent

strain's. Because the LT gene fra"ments in recoubiaant plasmid carry a

activator (LPTG exhibit* a non-induction effect with regard to the cloned

strain LT),. we deduce that the elevation of the LT expression level is a

result of the increase in the recombinant plasmid copy number. That

constructed by our laboratory expresses the swine dysentery epidemic vaccine

strains of two antigens. $Sac and LT-B. Large scale experimentation shows

that they have a rather good protective effect (121. For this reason, the

recovery of human LiT gene clones will necessarily provide an effective tool

for immunization protection against CTEC and for epidemiological studies. We

hAve constructed the recombinant plasmid pCSPts of LTA-8 (with 2.0 kb LT-B

20



;ene fcaquents, see plate I-1), and obtained a level of expression similar to

S. .oli J•s3 (pCHPii). At the sane time, because of the increase in the level

of expression, the amount of LT-B antigen secreted to the exterior of the cell

4s also increased correspondingly; for this reason, it is to be hoped that it

can be used in the construction of effective kinds of toxin vaccine strains.
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M.LLAIATION OF PL.AUT

1. Results of Southern hybridization and restiiction analysis of recombinant
plasaid pC•Pii.

A. Ethidiýia brcide stained 7el.
a. ?stl-di;ested pC3?2t -"NA.
b. PstI-digested pJYLi DNA.

3. Reiults of 3outhern hybridization of the saxe gel.

C. Result of restriction analysis of recoabinant plasaid pCHP21.
a. pCaPai +Pstl
3. pC1?zI +XbaI
c. PCZ?2, +EcoRI + PstI
d. pUCe + PstI
e. PCP2, + EcoRI + PstI
f. PCaPzi + PstI + Xbal
g. Laabda DXA + EcolI - HindIII

2. Results of Cbinese baaster ovary cell essay.

A. C2O cells treated with Z.coli J*3a (pUC,) culture supernatant.
B. C•0 cells treated with X.coli Jie, (pCFPa,) culture supernatant.
C. CZO cells treated with LT-antitoxin neutralized $.coli JY,43(pCHP,,)

culture supernatant.

3. Results of adult rabbit intestinal ligated loop assay.

A E E. Intestinal segments injected with Z.coli JX$3(p;CHPs) culture
supernatant.

a. Intestinal seqaent injected with Z.coli JM*3(pUCe) culture
supernatant.

C. Intestinal sequent injected with X.coli teSO(pJTi• culture
supernatant.

D F 7. Intestinal segment injected with Z.coli Jf]3(pCItI) culture
supernatant.
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